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In t roduc t ion  

Since we are planning t o  resurvey t h e  AGS both  h o r i z o n t a l l y  and 

v e r t i c a l l y  f o r  what i s  probably t h e  first t i m e  s i n c e  i t s  conversion, 

and s i n c e  we are explor ing t h e  p o s s i b i l i t i e s  of i n s t a l l i n g  t h e  AGS i n  

some computer modelling programs o the r  than  BEAM, i t  seems appropr i a t e  

t o  review t h e  layout  of t h e  AGS magnets. There are t h r e e  b a s i c  docu- 

ments which desc r ibe  t h e  layout :  

1. "Location of Magnets", Lloyd Smith, ADDIR LS-2, May 14, 1956 

2. "Location of Magnets", M.H. B l e w e t t ,  A.I.D., May 28, 1957 

3. "Standard Survey Data", O.S. Reading and M. Buchanen, 

August 20, 1957. 

Smith g ives  t h e  p r e s c r i p t i o n ,  B l e w e t t  r e c a l c u l a t e s  w i th  h igher  

p r e c i s i o n ,  and Reading t a b u l a t e s  t h e  f i n a l  ve r s ion ,  which is  incorpor-  

a t e d  i n t o  t h e  AGS Standards Book. I n  t h i s  no te  we restate t h e  pre- 

s c r i p t i o n  given by Smith, b r ing ing  out e x p l i c i t l y  t h e  approximations he 

made. Since B l e w e t t  does not  show h e r  c a l c u l a t i o n s ,  we must i n f e r  what 

she  d id ,  and s i n c e  our  r e s u l t s  are i n  very  good agreement, we conclude 

t h a t  our  p r e s c r i p t i o n  i s  t h e  same as t h e  one used t o  layout  t h e  AGS. 

I n  t h e  appendices we develop t h e  formulas t o  be  used, s p e c i f y  t h e  

parameters of t h e  AGS, restate t h e  as b u i l t  parameters,  b r i e f l y  

cons ider  t h e  ques t ion  of t h e  AGS circumference,  eva lua te  some s tandard  

AGS drawings which we b e l i e v e  have a s l i g h t  e r r o r ,  and cons ider  t h e  

BEAM program, which we a l s o  b e l i e v e  i s  s l i g h t l y  i n  e r r o r .  This no te  

was  l a r g e l y  prompted by t h e  d iscrepancies  between t h e  BEAM program and 

t h e  AGS Standards Book. 
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Overview 

n t e r  f t h  Consider a po in t ,  which i s  e s s e n t i a l l y  a t  t h e  AGS , 
which we  s h a l l  c a l l  t h e  Center of t h e  Reference Circle. Imagine a 

c i rc le  drawn around t h i s  po in t  a t  a r ad ius  of 430.45 f e e t .  The 24 

Primary Monuments are loca ted  on t h i s  c i rc le  a t  15 degree i n t e r v a l s .  

Imagine a second c i rc le  drawn around t h i s  po in t  a t  a r ad ius  of 421.45 

feet .  

angular  i n t e r v a l s .  Since t h e  AGS magnets are placed e s s e n t i a l l y  above 

t h e  Secondary Monument Circle, t h i s  r a d i u s ,  421.45 f e e t ,  is  o f t e n  

c a l l e d  t h e  Orbi t  Radius. It i s  important  t o  no te  t h a t  t h i s  r ad ius  is  

only approximately t h e  o r b i t  r ad ius .  Appendix I V  d i scusses  i n  d e t a i l  

t h e  va r ious  poss ib l e  r a d i i  of t h e  AGS. 

The 72 Secondary Monuments are loca ted  on t h i s  circle a t  varying 

For a coord ina te  system encompassing several magnets we s h a l l  

choose as t h e  x a x i s  a primary chord, running between two primary 

monuments. The y a x i s  i s  i n  t h e  plane of t h e  r i n g ,  perpendicular  t o  

t h e  x axis, and d i r e c t e d  away from t h e  c e n t e r  of t h e  r ing .  F igure  1 

shows t h i s  geometry. The f i g u r e  shows 10 magnets, one ha l f  of a 

superperiod,  which i s  generated by r e f l e c t i n g  t h e  p a t t e r n  of t h e  f i v e  

magnets i n  the  r i g h t  ha l f  of t h e  p i c t u r e  through t h e  cen te r  l i n e  t o  t h e  

l e f t .  A superperiod c o n s i s t s  of two ha l f  superperiods,  t h e  r ing  of 12 

superperiods.  W e  need c a l c u l a t e  only t h e  f i v e  magnets shown i n  t h e  

r i g h t  ha l f  of t he  f i g u r e .  

Each magnet is  loca ted  i n  t h e  Primary Monument Coordinate System 

by means of two survey sockets  which are loca ted  on top  of t h e  magnet, 

above t h e  magnet cen te r  l i n e  and t h r e e  inches i n  from the  ends of t h e  

steel. There are t h r e e  l o c a l  coord ina te  systems i n  use.  

1. The SOCKET SYSTEM i s  used by t h e  surveyors  t o  l o c a t e  elements 

i n  t h e  s t r a i g h t  s e c t i o n s  and i s  based on a l i n e  connecting t h e  

socket  on one magnet t o  t h e  socket  on t h e  next .  

2. The BEAM SYSTEM i s  used i n  t h e  computer program BEAM. For 

each magnet i t s  x-axis i s  t h e  socket  l i n e ,  i t s  y-axis is  

perpendicular  t o  t h e  x-axis d i r e c t e d  outward, and i t s  o r i g i n  

i s  the  i n t e r s e c t i o n  of t h e  x-axis wi th  t h e  upstream end of t h e  

magnet s teel .  I n  a s t r a i g h t  s e c t i o n  t h e  x-axis i s  t h e  l i n e  
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connecting the points where the x-axes of the neighboring 

magnets in te rsec t  the ends of the magnet s t e e l .  

The THEORETICL BEAM CENTER LINE SYSTEM seems t o  be f a l l i n g  

i n t o  disuse,  but we  s h a l l  t r y  t o  revive it i n  a subsequent 

paper. 

Figure 2a shows the magnet geometry, and indicates  the magnet 

e f fec t ive  length, L, which we take t o  be exactly 4.000 inches longer 

than the magnet s t e e l ,  which is  taken t o  be exactly 75.000 inches f o r  

short  magnets and 90.000 inches €o r  long magnets. Figure 2b shows a 

s t r a igh t  section. There a re  three lengths: L equals 28.000 inches, 
L equals 64.000 inches, and L equals 123.9907 inches. 

3.  

1 

2 3 

Detailed Calculation 

Tracking an orb i t  through a combined function magnet can be a very 

complex operation. In  Appendix I we consider the appropriate formulas 

and reduce them t o  the very s i m p l e  r e su l t s  given i n  Table A I - 4 .  These 

are the  formulas used t o  lay  out the AGS. I n  t h i s  system and i n  t h i s  

approximation when we a re  considering the  cent ra l  o r b i t ,  each magnet 

looks l i k e  a d i p o l e  magnet, bending the o rb i t  by an amount proportional 

t o  the magnet length with the o rb i t  going symmetrically through the 

magnet. Figure 3 shows schematically an o rb i t  through a magnet. 

The calculating procedure i s ,  t o  quote Smith, "s ta r t ing ,  f o r  

instance,  with a s t r a igh t  sect ion,  we proceed i n  an a rb i t r a ry  d i rec t ion  

a distance equal t o  the e f fec t ive  length of tha t  s t r a igh t  section, turn 

through an angle L/2P, proceed along the aperture center l i n e  €o r  a 

distance equal t o  the e f fec t ive  magnet length, turn through an angle 

L/2P, proceed fo r  a distance equal t o  the length of the next s t r a igh t  

section, and so on." This is  simple enough, the only complication 

being the e f fec t ive  length of the s t r a igh t  sect ion which is developed 

i n  Fig. 4 .  
When the magnets a re  not ident ica l ,  the  d i f fe ren t  saggitas lead t o  

some complications which must be t rea ted  careful ly .  Essent ia l ly  the 

short  magnets have a smaller saggi ta  than the long magnets and a re  
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disp laced  t o  t h e  c e n t e r  of t h e  r i n g  by about 0.06 inches.  This i s  

d e t a i l e d  i n  Figure 5. Using t h e  formulas and parameters s p e c i f i e d  i n  

Table AI-4 and i n  Appendix I1 our r e s u l t s  agree  wi th  Reading t o  a few 

t e n t h s  of a m i l l ,  as shown i n  Table 1 ,  i n d i c a t i n g  t h a t  we are fol lowing 

t h e  same p resc r ip t ion .  For completeness Appendix I11 reproduces t h e  

b a s i c  r e s u l t s  of Reading from t h e  AGS Standards Book. These are t h e  

numbers which we b e l i e v e  descr ibe  the  a c t u a l  layout  of t h e  AGS. They 

should be used by both t h e  surveyors  and by people genera t ing  programs. 

I n  t h i s  no te  we have deduced t h e  p r e s c r i p t i o n  used t o  genera te  t h e s e  

numbers. 

With t h e  passage of t i m e  some of t hese  numbers have been l o s t  and 

e r r o r s  have c rep t  i n t o  our s tandard  procedures.  Appendix V d i scusses  

several p laces  we have found e r r o r s  o r  d i f f e r i n g  approximations from 

t h e  numbers presented  i n  t h i s  no te .  

s e q u e n t i a l ,  b u t  co r rec t ing  t h e s e  e r r o r s  would g ive  g r e a t e r  i n t e l l e c t u a l  

cons is tency  t o  t h e  AGS data .  

The p r a c t i c a l  e f f e c t s  are incon- 



Element 

Center 
5 '  ss 

Mag 1 

Mag 2 

Mag 3 

Mag 4 

Mag 5 

Table 1 

Design Values VS. Recalculated Values 

AGS Standards Book 

"Standards " 
minus 

"This Note" 

x (inches) 

674.2200 

706.2200 
796.21 12 

824.2002 
914.1211 

978.0210 
1067.8011 

1095.6976 
1170.3548 

1198.1935 
1272.6617 

y (inches) 

-63.4354 

-63.4633 
-64.72 19 

-65 -5046 
-69.2798 

-72.8564 
-79.1435 

-81 -5494 
-88.7120 

-91.7131 
-100.6280 

- A X  9 
inches) 

0 + .64 
0 -1.50 

-.50 .61 
.15 .20 

0 .66 
-.50 -.4 

.04 .1 
0 -.7 

.22 1.75 
-.40 -1.1 
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Appendix I 

Formulas fo r  Tracking a Pa r t i c l e  Through a Combined Function Magnet * 
The motion of a charged p a r t i c l e  i n  a magnetic f i e l d  is  governed 

by the Lorentz equation: 

+ + +  
(mv) = ev x B 

d 
d t  
- AI.l 

In order t o  study the cent ra l  o rb i t  i n  an accelerator  we need only 

consider the case where the  pa r t i c l e  i s  moving i n  the horizontal  plane 

and the f i e l d  has only a v e r t i c a l  component i n  tha t  plane. 

shows the geometry. Then following Steffen (High Energy Beam Optics, 

Klaus G. Steffen,  Wiley, New York, 1965) we f ind the complete and exact 

equation for  t h i s  case t o  be: 

Figure 3 

p = mv AI.2 

W e  s h a l l  assume simple hard edge magnets. 

need not consider focusing e f f ec t s  a t  the entrance and e x i t  of the 

magnet. 

s h a l l  not consider imperfections i n  the magnetic f ie lds .  W e  a re  deal- 

ing with the cent ra l  ray and therefore need not consider off momentum 

t r a j ec to r i e s .  Therefore Equation AI.2 contains everything we  need t o  

evaluate. 

For a cent ra l  t ra jec tory  we 

W e  can assume tha t  our magnets a re  perfect and therefore w e  
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For a combined function magnet: 

The f i e l d  index, n, is  negative f o r  a focusing magnet and pos i t i ve  f o r  

a defocusing magnet. Since keeping t r ack  of the  s ign  c a l l s  f o r  some 

a t t e n t i o n  on the  pa r t  of t he  reader,  we choose a t  t h i s  t i m e  t o  replace 

n with A, defined as: 

P A =  
$-n 

f o r  a focusing magnet; and 

f o r  a defocussing magnet. Henceforward our parameters are: 

P, t h e  bending rad ius ,  about 3000 inches; 

A, which turns  out t o  be t h e  wavelength of t he  be ta t ron  

function divided by two p i ,  about 200 inches; 

L, t he  magnet e f f e c t i v e  length,  about 100 inches. 

A l l  these quan t i t i e s  a re  pos i t ive .  

becomes : 

For a focussing magnet Eq. A I . 2  
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(1 Y ”  = - - 
1 
P 

and fo r  a defocussing magnet i t  
I 

1 
P Y”  = - - (1 - 

The solut ion t o  e i the r  of these 

o rb i t ,  y’, i n  a magnet is  about 

i s  : 

i s  a m e s s .  However the slope of the  

0.01 radians. The square of t h i s  is 

which can be ignored compared t o  one. A tedious evaluation 

suggests that  including t h i s  term gives e f fec ts  on the orb i t  of the 

order  of one percent. In any case we s h a l l  drop the term i n  y’ from 

a l l  fur ther  consideration. W e  s h a l l  r e f e r  t o  t h i s  as Approximation 1, 

and estimate the e r rors  introduced by t h i s  approximation as lying 

between lom2 and 

in to  account i n  the or ig ina l  layout of the AGS, which is  what we a r e  

trying t o  reproduce, we can safely ignore them. To t h i s  approximation 

we have f o r  a focusing magnet: 

Since we  have no evidence tha t  they w e r e  taken 

P 
(1 + -  Y) x2 Y” = - - 

1 
P 

The solut ion is :  

XL xL P X + - (1 + 2 yo> cos X + ~ y i  s i n  -i; 
x P Y = - -  P 

x P x X 
+ y: cos -r; Y ‘  = - -  (1 + 7 y o )  s i n  

x P 

where y and y’ 

o rb i t  at the entrance t o  the magnet. Taking the second der ivat ive 

confirms t h i s  solut ion,  which i s  given by Smith (LS-2) and i s  derived 

are the posit ion and the tangent of the angle of the  
0 0 
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by Bruck (C i rcu la r  P a r t i c l e  Acce lera tors ,  Henri Bruck, LA-TR-72-10) €or  

a curved magnet. 

W e  now have two equat ions r e l a t i n g  fou r  unknowns, y and y-prime a t  

the  en t rance  (x=O) and t h e  e x i t  (x=L) of t he  magnet. I f  we r e q u i r e  

t h a t  t h e  en t rance  and e x i t  angles  be  equal  b u t  of oppos i te  s ign:  

t h i s  i s  a t h i r d  requirement,  l ead ing  t o  t h e  r e l a t i o n s h i p s :  

Note t h a t  by making the  en t rance  and e x i t  angles  equal ,  t h e  en t rance  

and e x i t  pos i t i ons  are equal .  The beam p o s i t i o n  a t  t h e  magnet c e n t e r  

i s  : 

h2 
Y (L/2) = p (1 + - y ) 9 0 cos(L/2h) p 

- -  h2 P 1 

and t h e  s a g g i t a  i s :  

- h2 P { 1 - cos (L/2h) I 
\ + 2 yo)  \ c o s  (L/2A) 

- -  y (L/2) - Yo p x 

Tables AI-1 and AI-2 summarize these  r e s u l t s  f o r  focuss ing  and 

defocussing magnets. These r e s u l t s  are exac t  except f o r  Approximation 

1. They seem very  reasonable .  There i s  a s m a l l  c o r r e c t i o n  t o  t h e  bend 

due t o  where t h e  p a r t i c l e  e n t e r s  t h e  magnet, t h e  s i g n  of which depends 

on whether t h e  magnet i s  focuss ing  o r  defocussing,  and t h e r e  is  a 

second o rde r  d i f f e r e n c e  i n  t h e  t o t a l  bend, aga in  depending on magnet 

type  
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W e  s t i l l  have one f r e e  parameter and could choose y t o  cen te r  t h e  

beam t r ansve r se ly  i n  t h e  magnet, b u t  a s l i g h t l y  d i f f e r e n t  choice o f f e r s  

a n i c e  s i m p l i f i c a t i o n  and w a s  adopted by t h e  o r i g i n a l  des igners  of t h e  

AGS. We choose t h e  mean bending r a d i u s ,  P, around t h e  r ing  t o  be  g iven  

by t h e  t o t a l  e f f e c t i v e  magnet bending l eng th  d iv ided  by two p i :  

0 

We choose t h e  bending i n  each magnet t o  be  t h e  magnet e f f e c t i v e  l e n g t h  

divided by P. 

This i s  very n a t u r a l  f o r  a s t r i n g  of d ipo le s ,  bu t  i s  a somewhat 

s p e c i a l  case f o r  a combined func t ion  machine. This i s  t h e  f o u r t h  

requirement on our system of fou r  unknowns so  a l l  t h e  parameters are 

f ixed .  

only the  f i r s t  o rder  terms of these  expressions w e r e  used. The f i n a l  

r e s u l t s  are given i n  Table AI-4. 

t h a t  t h e  focussing and defocussing magnets had t h e  same bends and 

looked e s s e n t i a l l y  l i k e  d ipoles .  

However, o f f  momentum o r b i t s  become complicated s i n c e  t h e  bending i n  

t h e  magnet does not  depend on j u s t  t h e  magnet length .  

achieve t h i s  s i m p l i c i t y  t h e  beam is  moved about 0.05 inches inward i n  

t h e  magnets. That is: 

Table AI-3 shows t h e  r e s u l t s  f o r  yo. I n  lay ing  out  t h e  AGS 

The c e n t r a l  o r b i t  w a s  l a i d  out  so 

The c e n t r a l  o r b i t  i s  very simple. 

I n  o rde r  t o  

r a t h e r  than: 

2 - -  1 1 L  
yo - (Saggi ta )  = - -- 16 P 
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AI-6 

For completeness we show in Table AI-5 the results of keeping two 

terms in the expansion. The focussing and defocussing magnets are now 

displaced by a few mills, a difference much too small to be of any 

practical importance, but which does show up when careful calculations 

are done with the BEAM program. 



Table AI-1 

Basic Orbi t  Equations 

A. Focussing Magnet 

x2 x2 y (x) = - - + -  
P P 

x 
y1 (x) = - - P 

B. Defocussing Magnet 

y ' (x)  = - - s i n h  ( x / A )  + y: cosh (x/x) 



Require : 

Table AI-2 

y: 
y ' ( L )  = - 

Then : 

A. Focussing Magnet 

x2 - -  
- P  

I1 - cos (L/2X) I 
1 cos (L/2h)  i 

B. Defocussing Magnet 

tanh (L/2 A) 
P 

Saggita = y (L/2)  - 

P 1 jcosh (L/2x)  - 11 
- 2 x 'of lcosh (L/2x)  



Table AI-3 

Require : 

y i  = t an  ( L / ~ P )  

Then : 

A. Focussing Magnet 

B. Defocussing Magnet 



Table AI-4 

Formulas Used t o  Design AGS 

L 
2 P  

yd, = - y'  (L) = -  

n 

2 
Saggi ta  = -- 1 L  

8 P  



1 . .  * - .  
Table AI-5 

Formulas Keeping 2 Terms  

A. Focussing Magnet 

2 
yo = y (L) = - - -  

P 
12 P 

2 

8 P  

B. Defocussing Magnet 

1 = - y' (L) = - ll + L L I  
2P 'I 3 2 P j  

yo = y (L) = - 12 12 P i' + $1 
Saggita = -- 

P2 



Appendix I1 

Parameter 

Number 

S tee l  Length 

Effect ive Length, L 

Total Bending Length 

Bending Radius, P 

Bend per Magnet, 0 

112 Bend, 012 

y:, t an  (012) 
112 Bend, 012 

Saggita, L / 8 P  
2 

, L2/12P 

Y ( L 1 2 )  

y (Long) - y (Short) 

6 
0 0 

0 - - + 6  
2 

Straight  Sections 

1 
L 

2 

3 

L 

L 

AGS Layout Parameters 

Long Magnet Short Magnet 

144 96 

90.0000 75.0000 

94.0000 79 .OOOO 

21120.0000 

3361.3524 

27.9649 23.5024 

13.9825 11.7512 

0.0139834 0.0117517 

48.068 40.398 

0.3286 0.2321 

-0.2191 -0.1547 
0.1095 0.0774 

0.0643 

2.681 

16.663 9.071 

28.0000 

64.0000 

123.9907 

Units 

inches 

inches 

inches 

inches 

m r  

m r  

minutes 

inches 

inches 

inches 

inches 

m r  

m r  

inches 

inches 

inches 



STAHDAD SURVEY DATAL 
- 

- The sta~dard survey data consists of t he  foUuwhg kn fo~~+ ,&~n :  
.__ - - 

Prima;rY chord rectangular coordinates and primary station polar c o a ~ d h k a ;  

Prislary chord reetangukw coordinates and primary station polar COOF~&ZB~WE 

Primary chord intersections of radials from magnet locating socbts (Table 41, 

Radid distances from intersection with pr- C ~ Q I ~  and angle along r&b%e, 

Distances between end locating sockets of adjacmt magnetis (Table 5 ) .  

~ . _  - of secondary pedestal etatiorma (Table 2) e - _  
- -  *_ 

of top locating sockets of.magnets, 8" in from ends of magrwtis (TabLe 31, 

.~ 
i 

t o  mgpt sockets (Table 4 ) a  - 





Appendix I V  

The Radius of t h e  AGS 

Figure  AIV-1 shows t h e  r a d i a l  displacement of t h e  magnets from t h e  

secondary monument circle,  which has a r ad ius  of 421.45 f e e t .  

X-B-1 of t h e  AGS Standards Book, Courant s p e c i f i e s :  

On page 

"Circumference of equi l ibr ium o r b i t  = 3.17759 x l o 4  inches  

(obtained from t h e  IBM 704 computations)" 

Following t h e  p r e s c r i p t i o n  i n  t h i s  no te  we can c a l c u l a t e  t h e  circum- 

fe rence ,  using t h e  appropr i a t e  e f f e c t i v e  s t r a i g h t  s e c t i o n  l eng ths  and 

t h e  magnet arc l eng ths  of 94.0030604 inches  and 79.0018181 inches ( f o r  

doing a r i t h m e t i c  it is  easy t o  c a r r y  more decimal p laces  than  might 

a c t u a l l y  b e  measured), t o  b e  31775.246 inches.  Table AIV-1 summarizes 

t h e s e  t h r e e  cases. Note t h a t  t h e  r ad ius  found i n  t h i s  no te  i s  0.1 
inches less than  t h e  r ad ius  i n  t h e  s tandards  book. This d i f f e r e n c e  

could e a s i l y  r e s u l t  from c a l c u l a t i o n a l  problems o r  from d i f f e r e n c e s  i n  

t h e  d e f i n i t i o n  of t h e  equi l ibr ium o r b i t .  The p o s s i b l e  equi l ibr ium 

o r b i t s  w i l l  be  d iscussed  i n  a subsequent note .  

i ng  set of measurements could be  c a r r i e d  out  t o  determine t h e  circum- 

f erence f o r  va r ious  p o s s i b l e  o r b i t s .  

We expect an  i n t e r e s t -  



Table AIV-1 
AGS Circumferences 

Nominal 

Standards Book This Paper "Orbit Radius" 

Circumference 31775.9 31775.246 31776.581 inches 

Radius 

Radius 

Radius 

5057.29 

421.441 

128.4552 

5057.187 

421.4323 

128.4526 

5057.40 inches 

421.45 feet 

128.4580 meters 
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Appendix V 

Discrepancies 

Table AV-1 shows the  bend angles determined i n  t h i s  note and those 

used i n  the  computer program BEAM. Note tha t  t he  angles used i n  the  

BEAM program have been rounded off t o  only four  places,  even though 

they are tabulated i n  the  program as s ines  and cosines t o  nine places. 

The e f f e c t  of t h i s  rounding is  t h a t  the  circle does not c lose  by 1.5 

mi l l i rad ians .  This probably has no e f f e c t  on BEAM ca lcu la t ions ,  bu t  

does have an e f f e c t  when these  angles are being used f o r  geometry 

ca lcu la t ions .  For neatness it is  probably des i r ab le  t o  f i x  these  

numbers a t  some point . 
Figure AV-1 and Table AV-2 summarize some of t he  geometrical 

r e s u l t s .  This information i s  e s s e n t i a l l y  what is  given on two AGS 

drawings (C-D05-M-864-2 and C-D05-M-865-2) o f t en  used f o r  i n s t a l l i n g  

i t e m s  i n  s t r a i g h t  sec t ions .  The one s i g n i f i c a n t  e r r o r  is  t h a t  865-2 

shows the  bend angle t o  be 36 minutes when it  should be 40 minutes. 



As b u i l t  

13 -9825 

11.7512 

16.6631 

9 -0706 

Table AV-1 

Magnet Entrance st Exit Angles 

As b u i l t  versus BEAM Program 

Beam - 

13 -98 

11.75 

16.12 

9.63 

m r  

m r  

m r  

m r  



i 
L 

o/ 2 

y; = tan 012 

o/ 2 

a 

b 

Table AV-2 

Orbit Parameters f o r  Fig. AV-1 

5' Straight  Section 10' Straight  Section Unit - 

64.000 123.9907 

13.9825 

13.9834 

48.068 

42 .O 

191.1 

11.7512 

11.7517 

40.398 

35.2 

131.2 

m r  

min 

10-3 i n  

10-3 i n  
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